This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PATENT SPECIFICATION 




816.923 



Date of AppUcotion and filing Comphle Spcdficathn: Dec. 6, 1955. 
No. 34987155. 

Application made in Germany on Dec. 6, 1954. 
Compiete Specification Published:July 22, 1959. 



Index at acceptance: -Classes 2(3), a(A3 : A14 : R18) ; and 2(5), R27K6(D : E : F). 

International Classifications— C07d. C08g, 

COMPLETE SPECIFICATIOIJ 

iProcess for the production of OBasic (N,»N*-ff)iepoxides 

We, Farbenfabriken Bayer Aktien- phenyl) methane is mentioned in the spedfica- 
fiK55EU.sCHAFT, of Lcvcrkusen-Bayerwerk, tion as being a suitable secondary amino bi- 



SPECIFIGATIOW NO, 816,923 

The Inventors of this Invention In the sense of being the actual devisers thereof 
within the meaning of Section 16 of the Patents Act, 1949, are Gunter Frank, of 
Z5 Kaisers trasse, LeverKusen, Geiroany, Richard Wegler. of 2 Auf dera Fcrst, 
Leverkusen, Gennany, and Vfelter Krauss, of 3 Hahnenweg, I^ln- Stanmhelm, Geimany, all 
Genoan citizens. 



THE PAIENT OFFICE, 
lot A September, igsg 



DB 12935/1(6) /3841 150 9/59 R 



Its luncaonai gruups ucmg a vwjivMxy uxi.^^ 




30 



hydrin and its equivalent 

compound which is stated in the specification general formulae 
to be a diepoxide. Bis-4,4-(N-methylamino- 
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in which each R represents an alkyl radical 
and in which » is zero or a whole number. It 
is also possible for one or both methane 



hydrogen atoms of any of the diphenyl mediane 
groups to be replaced by an alkyl radical or by 
a cydoalkyl radical. The lengdi of the chain 
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ilL -i: .iPro^i»:f or the prodtwtion of Basic fN,!NMDiepoxide8 

'^^■'^'^■ W FAi»£NFABMiaaN : Bayer Aktien. phenyl) methane is mentioned in the spedfica- 
of I Leverkusen-BaycTwerk, tion as being a suitable secondary ammo bi- 
:::;;-il::il;;l!Ge)^ a; Body corporate, organised under functional compound. 

P Ipiiilifieiiiiaw^ hereby declare the 

• iiin^lSllinyi^ a patent may 

n:;MPMI^^iit^;:gEi^^ method by which 

.jperfc^ed,: ' to be pazticulady 
described in and by the following Element: — 
; i::;!;;:!;;!:;;!^ a process for 'the 

il:ni6lHi^i|^^ jof : basic Ni^-diepoxides. 

It is imoWn ^atiiby: reacting diphenols, for 
: : : I i; e^^ 4,4^ - dlhyclroxy-diphenyl-dimethyl 
methane, widi epichlorhydrin in the presence 
: 0^: an alkali metal hydroxide?, it is possible 
15 to obtain epoxides wMdi can be further pro- 
Hiiriiii ^niiiicessi^^ t^ symhetic resins (d. for ^ample 
: 1^ Kingdom Patent Spedficatioii No. 

\-^Mmims7%.-. 

i i .ii iiiii:;:; In United Kingdom Patent Specification 
l:;;:Ki:!20 No; 664,271: there reaction in 

niiHii^iiliiifiiwhiiiii^ ctf a .bifunctional compound 

i iiirii^iilliiihi^ Mictioilal groups separated by 

i^p|:iiipjlllliifiham at l^st four carbon atoms, one of 
!^ : : i^^i IPiifi^ being a seccmdary amine 

:E!!;;;?S5llg^^ -group being 

either a secondary amine group 6r a hydroxy! 
i : mols <rf^ epichlor^ 

hydrin and its equivalent of alkali to form a 

compound whicb is stated in the spedfication 
30 to be a diepbxiaE.: -Biii-4,4-(N-methy§amino- 



According to the present invention there is 
now provided a process for the production of 
basic diq)oxides v^ch have terminal nitrogen 
atoms each carrying one epoxy propane group, 
which comprises reacting a secondary 4,4^-di- 
(monoalkylamino) derivative of a diphenyl 
methane, or a secondary 4,4^-di-(mono-cyclo- 
alkylamino) derivative of a diphenyl methane, 
with more than 1 mol of epichlorhydrin or of 
a glycerine dichlorhydrin per mol of the deri- 
vative of a diphenyl methane, and converting 
the resulting di-<hydroxy-chloropropyl)-amine 
into the basic diepoxide by the action of an 
aqueous solution of an alkali, for example an 
aqueous solution of a caustic alkali or an 
aqueous solution of an alkaline reacting com- 
pound, at a temperature not exceeding 30** C. 

In a modification of the process of the 
present invention a secondary l,4-di-(mono- 
all^ylamino) or l,4-di-(mono-cyclo-alkylamino) 
derivative of benzene is used in place of the 
4^4U(ii-(mono-alkylamino) derivative of a 
diphenyl methane. 

The basic N,N^-diepoxides produced by tiie 
process of tiie present invention have the 
general formulae 
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hydrogen atoms of any of the diphenyl methane 65 
groups to be replaced by an al^l radical or by 
a cydoalkyl radical. The lengdi of the chain 
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of the basic diqjoxides formed depends upon 
the proportion of the chlorhydrin which is used. 
The secondary aromatic diamines used as 
starting material can be produced in known 
manner by condensation of an N-alkyl- or N- 
cyclo-allcyl aniline with an aldehyde or ketone, 
fqr eki^ple formaldehyde or acetone. 

It is preferable in some cases for the 
epoxides to be produced in ±e presence of an 
inert solvent, such as benzene or toluene. The 
addition of a solvent is particul^y advantage- 
pus if less than 1 mol of epichlozhydrin or 
glycerine dichlorhydrin is reacted witb each 
secondary amino group, i.e. under conditions 
:which lead to substances which are of com- 
paratively high molecular weigjit and are con- 
sei:)uently solid resinous substances. 

: N|Tniethyl aniKne is particularly suitable for 
. die ^r6duction of the secondary amines which 
are used in the process of the invention. How- 
icvar, it is also possible to use N-a%l or N- 
cydbralkyl^substituted anilines such as N-ethyl, 
'^^rfprcipyi N-butyl and N-cycIohexyl-anilines. 



The condensation with the aldehyde or ketone^ 
gives;, compounds in which two alkyl-^aniline 25 
radicsils are always linked to one another 
through an unsubstituted methylene group or 
a mono- or di-substituted methylene group. 

The process of the invention can, for 
exaj^nple, be carried out by heating the second- 30 
ary diamine in a solvent, such as benzene, 
and :then adding epichlorhydrin dropwise. 

In order to complete the reaction, the re- 
action mixture is preferably stirred for a time. 
The hydrogen chloride is then advantageously 35 
split off at room temperature by addmg die 
aqii^us solution of an alkali. The diepoxide 
resio; thereby formed is recovered from the 
benisene layer in the usual way. Whether di- 
epoxides of low or high molecular weight are 40 
obtained depends on the molar ratio selected 
between the diamine and epidilorhydrin. 

The reaction is illustrated by the following 
reaction diagram, in which n is zero or a whole 
niiniber: 4S 
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The basic diepoxides obtained by the pro- 
cess of die invention can be used for example 
for die production of plastics, since they can 
50; be hardened with all hardening agents known 
for non-basic diepoxides, such as divalent and 
polyvalent alcohols, carboxylic adds, amines/ 
snides ^carboxylic acid amides or sulphonic 
acid amides), melamine resins, urea resins or 
55 phenolic resins. It is also possible to work 
in the presence of diluents, if diis should be 
desired, and it is also possible to use such 
diluents as participate in the reaction, for 
exami)le phenoxypropane oxide gjydde ethers 
60 or basic propane oxides. 

The basic diepoxides obtaijaed by die pro- 
. i oess of the invention offer particular advant- 



CH, 0 



ages when they are hardened with poiybasic 
aliphatic amines, since the low viscosity of 
the r^eaction mixture enables sheets to be cast 
free from bubbles, and since die plastics 
formed by this hardening have properties which 
are superior in many respects to those of 
plastics which have been manufactured using 
diphenols. The mechanical properties are more 
favourable in naany respects, and also the 
electrical properties show a substantial im- 
provement. 

The basic diepoxides obtained by the pro- 
cess of the invention behave in a particularly 
advainageous manner towards cyclic di- 
carboslyiic acid anhydrides, and a substantially 
mpr^ !rapid hardening is obtained than when 
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ibi^bisic • diepoxidiM This renders 

ip^fe thc producSbri of cold-hardening coat- 
Si^i/x)^ bonding : laym a^ ako laminated 
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Moreover, . substantial advantages are 
obtained when novolaks which are not self- 
hardening are used fpr the hardening process. 

Whereas norirbasic diq)oxides; react only to 
a comparatively : small extent with novolaks, or 
only after the addition of a catalyst with a 
strongly alkaline action/ basic diepoxides when 
heated produce i sati^actory hardening evai 
widiout a catalysty owing to their natural basic 
nature. If it is desired further to accelerate 
the reaction, it is possible to add more strongly 
basic mono- or diepoxides, which can be 
obtained, for example,: from aHphatic pmnaiy 
or secondary amines. A relatively large addi- 
tion of monoepoxide compounds causes the 
formation of pi^ominantly linear addition 
products which: sd:^ -not cross-linlced, 

It was surprising :that the basic aromatic 
N,N*-<fiepoxide8 could be obtained on a 
tediniral scale im isuch excellent yields (95— 
98%), since it is Mown that the basic aromauc 
monoepoxides are obtained only in a yield of 
approximately 70—75% (Journal Chemic^ 
Society 1950, 893);;The basic diepoxides which 
are obtainable by Ac iproccss of the invention 



can also be hardened in admixture mth any 
desired other diepoxides. 

The following examples further illustrate 
the invention. 

Example 1. 
1582 Gram (=7 mols) of 4,4^-di-(mono- 
methylamino>diphcnyl methane are dissolved 
in 1.4 litres of benzene. The mixture is boiled 
and 1400 grams of epichlorhydrin are added 
dropwise at the boiling point over a period of 
2— 2i hours while stirring. The mixture is 
heated for a further 15 hours while stirring, 
cooled to 20° C, and 2.1 Utres of 44% 
sodium hydroxide solution are added dropwise 
over a period of 2 hours. The temperature is 
not allowed to exceed 30*^ C. After addition 
of the sodium hydroxide solution the mixture 
is stirred vigorously for 15 hours at room tan- 
perature and such an amoimt of water is added 
that the precipitated sodium chloride just le- 
dissolves (1.5 Htres); the resulting mixture is 
allowed to setde, and the layers formed are 
separated. The benzene solution is briefly dned 
with solid potassium hydroxide and the benzene 
is distilled off. The last traces of solvent are 
removed under high vacuum. A resin is 
obtained which is still liquid and ligjit brown 
in colour. Yidd: 2322 grams=98% of 4e 
theoretical. 
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; Analysis for C2iH280iN2 « -%noy r\n a^o/ 

Calciiated: C 74.55% H 7.69% N O 9.46% 
:Found: C 74.40% H 7.91% N 8.00%' O 9.40% 



Example 2< 
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226 Grams ; (=1 mol) of 4,4^-di-(mMio- 
mediylamino>diphenyl mediane are dissolved 
in 300 cc. of ibenzene and heated to boihng 
point. 139 Grams of epicMorhydrm ( = 1.5 
mol) are added dropwise over a penod of 15 
mmutes, and; the mixture is heated for a 
further 15 hours - and cooled to 20^ C. 225 
Q:. of 44% sddtum hydroxide solution are 
added dropwise : oyer a period of about 30 



minutes^ stirring is then continued for 15 hoiu^ 
and finally such an amount of water is added 
that the precipitated sodium chloride re-dis- 
solves (100 cc.). The layers are separated, the 
benzene layer is briefly dried with potassium 
hydroxide, and the benzene is distilled off, 
leaving a light-coloured dear resin. Yield: 372 
grams = 87% of the theoretical; softening 
point: 33— 36® C 



^£d: "^ffi H 7.74% O 7.74% N 9.03% 
fS: C 75.15% H 7.87% O 7.60% N 9.35% 
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226 Grams (==1 mol) of 4,4*-di-(mono- 
methybminoVdi^eiiyl-methane are heated to 
boiling poini in:206 cc. of benzene. Ill Grams 
r=12 mol) of e^chlorhydrin are added over 
a period of 1$: ibiiutes and the niixture is 
stirred for 15 hours. It is then cooled to 20° 
Q, another 200 cc. of benzene are added, and 
180 cc. of 44% sodium hydroxide solution are 



introduced dropwise over a period of 15 
minutes. The mixture is stirred for 15 hours 
at room temperature. 100 cc. of water are 
added and the layers are separated. The 
benzene solution is briefly dried with caustic 
potash and the benzene is distilled off, leavmg 
a clear brown resm. Yield : 27a grams = 92% 
of the theoretical. 



Analysis for CgaHiuOeNio xt ncvia/ 

Cal<ilated: C 76.12% H 7.77.% O 6.54% N 9.54% 
: F6nnd: C 76.30% H 7.95% O 6.61% N 9.28% 
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Example 4. 
762 Grams (3 mols) of 4,4*-di-(mono-ethyl- 
ainino)-diphenyl mettane are dissolved in 600 
cc. of benzepe and heated to boiling point 600 
.CxBxos of epichlorhydrin are added dropwise 
add the mixture heated for about 15 hours 
under reflux. The resulting mixture is then 
cooled to 20—25^ C. and 900 cc. of 40% 
sodium hydroxide solution are added dropwise. 



Stirring is continued for 15 hours, 600 cc. of 
water are admixed, and the benzene layer is 
isolated and is filtered in the presence of 
carbon. The solvent is distilled off, finally 
under high vacuum, with a bath temperature 
of 100^ C. 1002 Grams=91% of a brown 
liquid resin are left 

Mplecular wei^t: found 425, calculated 
366.- 
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Analysis: for Ca^HaoOaNs 
Calculated: C 73.40% H 8.19% O 
C 75.20% H 8.10% O 



8.74% N 7.65% 
8.64% N 7.60% 
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Example 5. 
136 Grams (J mol) of l,4-di-(mono~cyclo- 
hexyIamino)-ben2ene are dissolved in 200 cc. 
of methanol and heated to boiling point While 
the solution is boiling, 100 grams of epichlor- 
hydrin are added dropwise, the solution is 
heated for 5 hours under reflux, the alcohol is. 
distilled off, 200 cc of benzene are added and 



130 cc. of 40% sodium hydroxide solution are 
introduced dropwise at 20—25° C. The mix- 
ture is stirred for a further 12 hours, 100 cc. 
of water are added, and the benzene layer is 
isolated. After filtration of this layer through 
carbon, the solvent is distilled off, and thae 
remain 159 grams = 83% of the theoretical of 
a brown resin. 
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Analysis for Ca^HgeOaNa 

Calculated: C 75.00% H 9.37% O 8.33% N 7.29% 
Found: C 74.82% H 7.1% O 8.03% N 7.2-/; 
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WHAT WE CLAIMIS : — 

1. A process for the production of basic 
diepoxides which have terminal nitrogen atoms 
each carrying one epoxy propane group, which 
comprises reacting a secondary 4,4^-di-.(mono- 
alkylamino) derivative of a diphenyl methane, 
or a secondary 4,4^-di-(mono-<7do-all(ylamino) 
derivative of a diphenyl methane, with moie 
than 1 mol of epichlorhydrin or of a glycerine 
dichlorhydrin per mol of the derivative of a 
diphenyl methane, and converting the resulting 
di-(hydroxy-chloropropyl)-amine mto the basic 
cfiepojude by the action of an aqueous solution 
of an alkali at a temperattac not exceeding 
30° C. ^ 

2. A process as claimed in claim 1, wherein 
4,4^-di-(mono-metiiylamhio) diphenyl methane 
is reacted with more than 1 mol of epichlor- 
hydrin per mol of tiie (mono-metiiylamino) 
diphenyl methane, and die reaction product 
formed is converted into the basic epoxide by 
the action of an aqueous solution of an alkali 
at a temperature not exceeding 30° C 

3. A process as claimed in daim 1 or 2,. 
wherein the reaction with the chlorhydrin is 
carried out in the presence of a solvent 

4. A modification of the process claimed in 
claim 1, wherein a secondary l,4-di-(mono- 
alkylamino) or l,4-di-(mono-cyclo-alkylamino) 
derivative of benzene is used m place of the 



4,4'-di-(mono-allcylamino) derivative of a 
diphenyl methane. 

5. A process as claimed in claim 4, wherein 
the reaction with the chlorhydrin is carried out 
m tfae presence of a solvent, 

6. A process for the production of basic 
epoxides which have terminal nitrogen atoms 
each carrying one epoxy propane group, sub- 
stantially as described with reference to any 
of Examples 1—4. 

7. A process for the production of basic 
epoxides which have terminal nitrogen atoms 
each carrying one epoxy propane group, sub- 
stantially as described witii reference to 
Example 5. 

8. jBasic epoxides which have terminal nitro- 
gen Rtoms each carrjdng one epoxy propane 
group, whenever produced by the process 
claimed m claim 1, 2, 3 or 6. 

9. Basic epoxides which have terminal 
nitrogen atoms each carrying one epoxy 
propane group, whenever produced by the pro- 
cess claimed in claim 4, 5 or 7. 

ELKINGTON AND FIFE, 
Consulting Qiemists and Chartered 
Patent Agents, 
Bank Chambers, 329, High Holbom, 
London, W.Gl. 
Agents for the AppHcants. 
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